Consanguineous marriage is the union of individuals having a common ancestor. This type of marriage has been and still is a common cultural practice in Middle Eastern countries, with cousin marriages being particularly frequent among Muslim Arabs (1-4). In the above societies, it is believed that consanguineous marriages would preserve family dynamics and structure and provide social, economic, and cultural benefits (5) . Parental consanguinity is known to increase the risk of autosomal recessive conditions through the expression of recessive deleterious alleles, especially in the offspring of first-degree cousins. It is a recognized risk factor for several pediatric disorders including stillbirths and perinatal mortality (6, 7) , congenital birth defects, malformations, and mental retardation (8) (9) (10) (11) . In addition, consanguinity has been associated with congenital heart disease (12) , blood diseases (hemophilia, β-thalassemia) (13), deafness, cystic fibrosis (14) , chronic renal failure (15) , and neonatal diabetes mellitus (16) .
Apnea of prematurity is a common problem in the neonatal intensive care setting that affects premature infants (those born before 37 weeks of gestation). It is defined as either the cessation of breathing for longer than 20 seconds or that of any duration if accompanied by cyanosis and sinus bradycardia (17, 18) . Apnea of prematurity occurs in the absence of an identifiable predisposing disease. Its incidence is inversely correlated with gestational age and birth weight. Apnea of prematurity has been linked to immaturity of the respiratory and central nervous systems, whereby the central respiratory center appears to have an altered response to hypoxemia and hypercapnia (19) . In addition to the above causes, neurologic stimulation of the primary muscles of respiration, the diaphragm and the intercostals, may be inadequate, adding to the poor compliance of the chest wall in premature infants (20) . The aim of this study was to examine the association between consanguinity and apnea of prematurity among infants born in Greater Beirut, Lebanon, a country with a relatively high prevalence of consanguineous marriages.
MATERIALS AND METHODS
Subjects for the present study were chosen from the National Collaborative Perinatal Neonatal Network (NCPNN). The NCPNN, first initiated in September 1998, is a voluntary collaboration of health professionals from 10 major tertiary care centers located in Greater Beirut, Lebanon. The Network prospectively collects data on all newborns delivered at the participating hospitals, with the objective of establishing a model for a national, perinatalneonatal database. Information on the maternal and neonatal characteristics is obtained from obstetric and nursery records and through direct interviews with the mothers before hospital discharge. The questionnaires are completed by trained personnel and are subjected to continuous monitoring by the NCPNN team for quality control.
Inclusion criteria for the present study were as follows: infants less than 37 weeks of gestation, admitted to the intensive care unit, and having no congenital malformations, sepsis, neurologic disorders, or metabolic and electrolytic disturbances such as hypoglycemia, hypocalcemia, or hypomagnesemia.
Consanguinity was categorized into two levels: firstdegree cousin marriages versus nonconsanguineous and distantly related marriages. The neonatal characteristics considered were type of gestation, gender, birth weight, gestational age, and Apgar score, whereas the maternal characteristics considered were religion, age at delivery, education, work status, spouse's occupation, cigarette smoking during pregnancy, and pregnancy-related complications including hypertension, diabetes, maternal bleeding, and fetal distress. Birth weight, in grams, was measured upon admission to the nursery. Gestational age was calculated in completed weeks using all the data available in the prenatal record, including the last menstrual period and ultrasonographic and physical examinations of the newborn infants.
To assess the relation between baseline characteristics and apnea of prematurity, we calculated odds ratios and 95 percent confidence intervals. Variables significantly associated with apnea of prematurity were included in a logistic regression model to determine the independent effect of consanguinity on apnea of prematurity. In addition, the association between consanguinity and the different sociodemographic and health behavioral characteristics was examined using a chi-square test statistic. Two-tailed p values were calculated, and significance was set at 0.05. Statistical data analyses were conducted using SPSS for Windows software (21) .
RESULTS
Between September 1, 1998, and March 31, 2001, a total of 21,723 consecutive newborn infants were delivered and admitted to the NCPNN. The proportion of consanguineous parents in the overall sample was 12.8 percent (6.7 percent first-degree cousin marriages). The inclusion criteria discussed in Materials and Methods were satisfied for 857 infants of the total of 21,723 infants, of whom 78 had apnea of prematurity. The analysis was based on 597 infants with complete information on consanguinity, 66 of whom had apnea of prematurity. Table 1 shows the association between each maternal sociodemographic factor or pregnancy-related characteristic and apnea of prematurity. Variables that were significant risk factors for apnea of prematurity in the bivariate analysis were first-degree consanguinity (odds ratio = 2.16, 95 percent confidence interval: 1.06, 4.42), multiple gestation (odds ratio = 1.70, 95 percent confidence interval: 1.01, 2.84), presence of complications during pregnancy (odds ratio = 1.68, 95 percent confidence interval: 1.01, 2.82), and 5-minute Apgar score of less than 7 (odds ratio = 2.29, 95 Table 2 shows the results of the logistic regression model with the dependent variable being apnea of prematurity. The variables significant with apnea of prematurity in the bivariate analysis (consanguinity, weeks of gestation, maternal complications during pregnancy, type of gestation, and 5-minute Apgar score) were included in the model as independent variables. Birth weight was not included in the model because of its correlation with gestational age (Pearson's correlation coefficient = 0.6). With adjustment for all of the variables, the odds of having apnea of prematurity among first-cousin marriages were 2.9 times higher than those for the other marriages (95 percent confidence interval: 1.3, 6.4). With stratification by single versus multiple gestation, the odds ratio for the association between consanguinity and apnea of prematurity increased from 1.91 (95 percent confidence interval: 0.61, 6.01) among single births to 4.41 (95 percent confidence interval: 1.38, 14.05) among multiple gestations. Table 3 shows the relation of first-degree consanguinity with parental sociodemographic and pregnancy-related characteristics. First-degree consanguinity was significantly higher (p = 0.002) among Moslems compared with Christians (13 percent vs. 2 percent, respectively). Moreover, it was strongly and inversely associated (p < 0.05) with maternal education and was significantly more prevalent among nonworking mothers as well as among fathers holding technical or clerical jobs.
DISCUSSION
Consanguineous marriages have been recognized as a risk factor for several pediatric disorders. Therefore, studying the role of consanguinity in the pathogenesis of various neonatal diseases is of importance. To our knowledge, this is the first study that looked into the association between consanguinity and apnea of prematurity. The results of the present study reveal that there is a significantly higher proportion of firstdegree mating for infants with apnea of prematurity compared with those with no apnea of prematurity. This increased proportion may suggest an important role for consanguinity in the causation of apnea of prematurity in our study population. The calculated attributable risk was 7.3 percent (22) .
In the population under study, parental consanguinity is not a condition that would necessitate careful observation. Therefore, no systematic inquiry is expected about consanguinity status on the part of nursery staff in the selected hospitals. This lack of knowledge concerning the degree of parental relation will tend to minimize any detection bias related to the differential monitoring of children of consanguineous marriages versus their nonconsanguineous counterparts.
In Lebanon, a recent calculation of the prevalence of consanguineous marriages is lacking. However, studies in Beirut have shown that there has been a trend of decline in the incidence of consanguineous marriages in general, from 37.4 percent before 1940 to 18 percent in 1983, with first- (27) , Kuwait (54 percent) (28) , and the United Arab Emirates (51 percent) (29) .
The results of the study show an uneven distribution of first-cousin consanguineous marriages compared with several factors including religion and social status (4, 27, 29) . Consistent with other studies, this study shows that Muslims had a significantly higher first-cousin consanguinity rate when compared with Christians (4). Moreover, in this study, maternal education and paternal occupation were negatively correlated with consanguineous mating, a finding that is consistent with previously reported associations between paternal education and occupational and social status and consanguineous mating (5, 24) .
Consanguinity is known to concentrate autosomal recessive genes in the offspring, but the contribution of these genes to apnea of prematurity has not been studied before. Our study suggests a role played by the genetic factors in our study population, in addition to the already recognized etiologic factors for apnea. In conclusion, there is an urgent need to inform the public properly about the anticipated deleterious effects of inbreeding in societies where intermarriage is widely practiced. Furthermore, more etiologic studies that look into the association of consanguinity and apnea of prematurity are needed to support this finding and clarify the significance of such an association.
